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I. INTRODUCTION

The use of time asa parameter in the design of antennas is not in
itself a novel idea. The possible improvement in antenna performance
via various '"time-modulation'' schemes was suggested more than twenty
years ago [1,2]. The results of these early studies, however, did not
warrent a continued research effort and the problem was bracketed.

A new interest in time-modulation is developing today in large measure
due to the speed and sophistication of modern digital signal processing
techniques.

Linear phased array antennas, formed by a combination of individual
radiating elements, have a distinct advantage over antennas of the lens
or reflector type: the radar beam can be steered without mechanically
moving the entire antenna sfrﬁctm‘e; it is only necessary to vary electron-
ically the relative phase be-ween the radiating elements. This advantage
increases as u.e size of the antenna increases. Array antennas are
emphasized in this research and their time-modulation will be the primary
focus of this effort.

Array antennas are characterized by the geametric position of the
individual radiating elements and by the ammlitude and phase of their
excitation. The excitation distribution is related to the far-field
radiation pattern by the Fourier Transform. Among the far-field parameters
of interest in radar design are beamwidth, directivity, power gain, impedance,
and sidelobe level. Low sidelobes, for example, are generally desired
in most radar designs. The time-modulation scheme investigsted in this
research will yield parameters - which will actually be ON/CFF switching
times - and the employment of these parameters will result in a far-field
pattern which on the average has ultra-low sidelobes.
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It is well known that a uniferm radar current distribution produces
a far-field pattern whose first sidelobe is 13.5 dB down from the mainbeam.
To achieve lower sidelobe levels, many clever schemes have been devised
(3,4 . Most of these employ a nonuniform current distribution across
the antenna's radiating elements. The binomial distribution, for example,
produces zero sidelobes, but at the expense of a very wide mainbeam.

The Dolph-Chebyshev current distribution yields a far-field pattern which
has minimm beamwidth for a specified sidelobe level. In theory, these
distributions can produce zero or very low sidelobes. In practice, however,
for a single fixed array antenna, a sidelobe level of around 40 dB is
minimm. This is because very low sidelobe levels require very large
current ratios across the aperture distribution and these large current
ratios are impossible to maintain with the required precision using the
presently available construction technologies.

Now, if the excitation distribution of an array antenna is time-
modulated, then the far-field radiation or power pattern will also be
time-modulated. By proper choice of a modulation function, a far-field
pattern can be produced which has a fairly steady mainbeam and an effectively
ultra-low sidelobe pattern. The modulation function used here is a simple
ON/OFF timing scheme. The array elements are kept at a constant current
value. Only the ON and the OFF times of the elements are varied.

II. QOBJECTIVES
The objectives of this project were:
A. To develop a modulation scheme which employes an ON/OFF timing
schedule.
B. To write a FORTRAM program that designs the proper ON/OFF schedule

for a given array length and a desired far-field sidelobe level.




C. To generate same examples to illustrate this ON/OFF approach
to sidelobe modulation.

IT1. MOTIVATION

A planar array antenna produces a three-dimensional far-field pattem.
An RADC programming package is available to generate far-field plots for
a wide variety of aperture current distributions (S]. For a certain
current distribution, called the Taylor distribution, which is spatially
thinned to yield 30 dB sidelobes, the far-field pattern appears as in
Figure 1.

Now, if this spatially thinned antenna were rotated at a fixed angular
rate, then the pattern of Figure 1 would rotate as well. OConsider a
particular point off the mainbeam, say at (9°,¢°), in the rotating far-
field. Over a period of time, T, a time signal could be observed at
(e°,¢°). The average value of this waveform would be much lower than
any of the particular sidelobes indicated in Figure 1.

However, the prospect of rotating a large planar array of, for example,
one thousand elements is not attractive. How can a similar result occur
without needing to rotate a large antenna? Answer: by time-modulating
the antenna elements in such a way that in the far-field at (6,4 ) a time
signal appears which is similar to the time signal mentioned above. What
kind of time-modulation to ewploy is the question addressed by this research
effort.

Further motivation is provided by a consideration of the advantages
of low sidelobe levels. A particular case of interest is the situation
in which a jammer is present. How can a jammer be prevented from detecting
the presence of the radar signal? Of course, this is impossible to do if
the jammer is right in the mainbeam. However, if the jammer is at an
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angle sufficiently away from the mainbeam, then he will see only the sidelobes.
If the sidelobes are severely modulated, then the jammer will not be able
to distinguish between the signal he detects and his own receiver noise.

The jammer problem is currently handled by adaptive radar techniques.

The presence of the jammer must first be determined at a specific (e°,¢°).
Then, via an adaptive feedback loop, a notch is placed in the far-field
pattern at (eo,oo). Since the mechanism for this process is rather involved,

it is a.pticipated that sidelobe modulation techniques might serve as an
alternative to adaptive processing. An obvious advantage of sidelobe
modulation is that the presence of the jammer at a specific angle need not
be determined, eliminating the need for a feedback loop.

IV. ARRAY POLYNCMIALS AND FAR-FIELD BQUATICNS

Since the distribution of current across the face of a linear phased
array is related to the distant electric field by the Fourier Transform,
a uniform excitation across an array consisting of a large number of
elements yields in the distant field the familiar sin(x)/x pattern which
has a first sidelobe level of 13.5 dB down from the mainbeam. With
nonuniform excitations, the equation describing the current distribution -
called the array polynomial equation - consists of both real and imaginary
terms and is not in a very convenient form for design purposes. There
is an alternative formulation, developed by Cheng and Ma (6,7,8), which
treats a linear array of discrete elements as a sampled-data system and
employs the theory of finite Z transforms. This approach is particularly
useful for the purposes of this research and is extensively employed.

Let N be the number of elements in the linear phased array. In order

to have symmetry with respect to the center of the array, N will be restricted




to odd mumbers. Only broadside arrays will be considered. The distance,
'd, between any two adjacent elements will be assumed to be equal. From (8]

the far-field power equation is as follows:
(N-1)/2
P(y) = n (y + ci)z, 1)
i=1
and the array polynomial equation is as follows:
(N-1)/2

E(z)= 1 (1+cz!+z2). (2)

i
i=1
Ir these equations, P varies with y and E varies with z and 2z and y are

B related by the equation: y = z + z !, Now, y is a cosine function given

by 2 cos [21rd (cose - cose_ )] , where A is the free-space wavelength of
A

the radiating signal, 6 is the angle between the line of the linear array

and a line through the center of the array, and eo is the position of the

principal maximum. The ¢y terms which appear in both equations are the

temms which constitute the weights of the array elements.

Expanding the array polynomial E(2) yields a polynomial in z~
i

iwhere

the coefficients of z = are the array weights, symmetrical with respect
to the center of the array. For example, for a five element array:

~*.  From this

E(z) =1+ (c; +C)z ) +(2+¢C)Z 2+ (e +¢)2° +2

expansion, the relative weights are 1, c; + ¢,, 2 + ciC2, € + ¢c3, 1.

If a uniform array is desired, then these relative weights must be equal,

resulting in values: c¢; = -0.618 and c, = 1.618. The power equation for
1 this case becomes P(y) = (y - 0.6:18)2 (y + 1.618)2 and this equation has

sidelobes maximm at y positions given by d P(y) = 0. The first sidelobe
dy

et R T el R R
K 2w WX g
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is found to be 12 dB down from the mainbeam. (This value would approach

13.5 dB as N got very large.) {

V. ARRAYS WITH BQUAL SIDELOBES

Given a set of cy terms, a certain array polynomial E(z) results
S and this array yields a certain power equation P(y). P(y) can be plotted
vs. y and the far-field characteristics can be studied. This is the
analysis problem. The design problem requires the designer to arrive at

ey

a certain set of ¢y temms which meet some specific requirements usually
expressed in terms of the far-field characteristics. For example, given
the requirement that the far-field has equal sidelobes and these levels

b ‘ are all to be at a specific dB value down from the mainbeam, determine the
’ ‘ particular set of ¢y terms which meets these specs.

In (8] a technique for designing arrays with equal sidelobes is
presented. The procedure is based on manipulating the power pattern
equation P(y). There are three steps involved:

1. Solve for the positions, Vg of all the sidelobes from d P(y) = 0.
dy

{ 2. Equate all P(ys) tems.
3. Set the ratio P(2)/P(yg) equal to some constant, say k2, which is fixed
{ by a desired sidelobe level relative to the principal maximum.

: For N an odd number, there are (N-1)/2 distinct values of ¢, to be

i
determined. In [8) there is a general and simple relationship developed

£ between the ¢ terms and the yg terms. This relationship is derived in

or—

termms of the known properties associated with a Chebyshov polynomial. These
polynomials have the interesting property of displaying equal ripples which,
¢ in the case at hand, are sidelobes of the P(y) polynomial.
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The equations to be solved from [8] are as follows:

-~
2
2-cy=(2-c;) [cosz (N-1)| fori=2, %1_ (3)
2
v (2i-1
_008§ N -
and
r 2
2-c, =(2+y,) |cosZ (N-1) fori=1, ..., N3 (4)
1 i 2 =2
21:1
OOS}T-—].-
and P(2) = k2 (5)

B(yg)

Since y = -2 is always a sidelobe, it is convenient to express equation (5)
as P(2)/P(-2) = k2. If -20 dB sidelobes are desired, let k2 = 100 or
k =10. So, 20 log k = 20 log 10 = 20 dB. If 80 dB sidelobes are desired,
let k2 = 108 or k = 10*. In this case, 20 log k = 80 dB. Note that even
though (3) and (4) are linear equations, since (5) is nonlinear and (3),
(4), and (5) need to be solved simultaneously, there is a need for a
nonlinear equation solving routine. The IMSL subroutine ZSYSTM solves
N simultaneous nonlinear equations in N unknowns and has proven very effective
in this research.

As an example, an eleven-element array with equal sidelobes would yield
a power equation P(y) which, when plotted vs. y, appears as in Figure 2.
The far-field pattern for these broadside arrays has a visible range which
extends to the left of y = 2 and is symmetric with respect to the vertical
axis for the standard case of d = A2, Note that zeros of P(y) occur at
¢y values and sidelobes neak at Vs values. Once the ¢y terms are known, a
the actual array weights are determined by expanding E(z). These coefficients %
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Fiqure 2 Relative positions of nulls and sidelobes for an eleven-element
array with equal sidelobes.

of Z':.L in the E(2) expansion are the normalized array weights, which will
be called A(i), i=1, ..., N.

This so far is one standard design approach to linear phased arrays.

] If an eleven-element array is designed with sidelobes of -80 dB, the power
| pattern would in theory appear as in Figure 2. However, the problem

- as mentioned initially ~ is that the precision required in actually
constructing such an array is impossible to achieve. In actual practice,
the sidelobes produced as in Figure 2 might be 30 or 40 4B down from the

mainbeam, even though according to theory they should be 80 dB down.
A designer's dilemma? Time-modulation is one way out of this dilemm.

Vi. THE ON/OFF TIME-MODULATION SCHEME

In the work of Kummer, et al. [2] from 1963, the ON/OFF time-modulation
problem was addressed. Their approach, however, was not very systematic.
They turned array elements ON and OFF over a fixed time period and demonstrated
the fact that the far-field patterns in response to the modulation did yield
reduced average sidelobe levels. They did not present a systematic design H




approach nor did they attempt to keep the mainbeam fixed throughout the
modulation period.

The current research effort took off from where (2] left off. The
problem considered was this: How can a specified far-field pattern be
produced which has sidelobes that are severely modulated and average out
to be some specific ultra-low value? In addition, it was required to keep
the mainbeam relatively fixed throughqut the modulation period.

The ON/OFF modulation design scheme proposed as a result of this
research effort will be introduced in terms of a simple example. Assume
there exists a fifteen-element linear phased array which must produce equal
sidelobes 20 dB down from the mainbeam. How should it be designed? Letting
K2 = 100 and N = 15 in equations (3), (4), and (5), the proper c; temms are
computed and when entered into the E(z) equation (2), the resulting normalized

array weights, A(i), i =1, ..., 15 appear as in Figure 3.

A(i)
Relative
Element
Excitation

100:

—————.

50.

i |
i i l l Element

1 2 r e eesssescssns * e ) 15 "m“r

Figure 3 Relative weights for a fifteen-element array
producing 20dB sidelobes.




Note that this distribution is not very different from the uniform distri-
bution which yields a first sidelobe level of 13.5 dB down from the mainbeam.
To produce the same 20 dB sidelobes which the array represented in Figure 3
produces, the modulation scheme nroposed in this research requires the
following:

1. Let each of the fifteen elements carry exactly the same excitation, for
example, A(i) = 1 for all i.

2. Perform the modulation by adjusting the ON times and the CFF times for
each element in such a marner that the total amount of time a given
element is ON during one period of the modulation is proportional to
its relative weight.

For example, element no. 2 has an initial relative weight of A(2) = 62.0936.

Its ON time is set at 0.0000. Its OFF time is set at 62.0936. Since these

times are relative, bardware limitations will dictate the actual units.

Generally, it is best to have the overall modulation time as short as possible.

The single key idea in the ON/OFF modulation scheme is this: the precision

required in the element weights is traded for a precision required in setting

ON and OFF times. The advantages of this scheme should prove to be considerable

in view of the ever increasing speed of integrated circuit switches.

In Figure 4 is plotted the modulation timing scheme which employs

elements of constant excitation (A(1) = constant for all i) and produces in
the far-field a pattern with 20 dB sidelobes. This staggering is essential

in order that the same number of elements are ON 'most of the time" during the
modulation period. The modulation period, T, in this case is 221.3724. The
ideal situation would be to keep exactly (N-1)/2 elements ON at all times,
i.e., seven elements for this example. Keeping this number fixed over the
entire modulation period would guarantee that the mainbeam stayed fixed at

all times. There are some brief intervals toward the middle of the modulation

T
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period during which there are eight elements ON or six elements ON. This
will tend to produce a slight flicker in the mminbeam of the r1adar's far-
Py field radiation pattern. This should not be very significant, however,
since there are exactly seven elements ON for aporoximately 95% of the
modulation period.
3
4 Time
‘ i
200
. 150
{ b
|
100
C
50
C
Element Number
c 1 2 3 15
Figure 4 Timing of fifteen elements of equal
excitation modulated for 20dB sidelobes.
[ o

The details of the staggered scheme exemplified in Figure 4 are
presented next.
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1. The first (N-1)/2 elements are twrned ON at t = 0 and turned OFF at
tren, Where is numerically equal to the excitation weight of the
CFF torr
respective element: t(l'F (1) = A1), 1 =1, ..., %l

2. 'Ihemiddleelenmtisstartedatt-tm

N+1 N+l N+1
tm(T) = t@'F (1), and it is turned (FF at t = tm(T) + A (—2-).

3. The next element N+3 is started at t = tm of the second element:

&3 ., (g—a.nditistumed(!?att-t M3y, 4 3,
(T = topp (2), oN (53 3 )

4. merminingelemntsfm_N_s_S_toNaretumed(!Tatthesunetim,

of the first element:

tm (N). This value is chosen as the largest tOFF value from the first
N1+§_ values. Also t'OFF (N) is the modulation period. The ON times
for the elements from %5_ to N are determined by: tCN (1) = tOFF N -
A(i), 1=M5, ..., N.

2

VII. A FORTRAN PROGRAM
To determine the tm and tOFF values in this modulation scheme, a FORTRAN

program called SDIB hasbeen written. It is presented in the Appendix. The
only information needed for this program is the array size, N, and the desired
dB level, called PK. These are input via two separate statements at the
beginning of the program.

SDLB calls ZSYSTM to calculate c; from (3), (4), and (5). The program
then calculates and prints out the relative array weights A(1). These values
are next used to calculate 1:m and tOFF for each element. Finally the program
prints out the t.., topp Values for each element.

VIII. FURTHER EXAMPLES

The example presented inSection VI was for a 15 element array designed
to produce 20 dB sidelobes If the same array is now changed to produce
80 dB sidelobes, then the required relative element excitation - without
modulation - appears as in Figure 5. Note the extremely sharn taper
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Figure 5 Relative weights for a fifteen-element array
producing 80dB sidelobes.




required to produce sidelobes of 80 dB down from the mainbeam. This is
quite a radical difference from the taper of the 20 dB case in Figure 3.
However, with the time-modulation scheme proposed in this research, each
element carries exactly the same excitation, say A (1) = 1, for all i.
Again, the ON and OFF times are adjusted such that the total ON time per
reriod for each element is proportional to the weight it is required to
carry if there were no modulation. The timing schedule for this case is
plotted in Figure 6.

As another example, let N = 21 and PK = 80 (21 element array designed
to produce equal sidelobes 80 dB down from the mainbeam). The ON and
OFF times for each element are preseanted in Table 1.

Table 1. ON and OFF times for a twenty-one-element array modulated
to produce 80 dB sidelobes.

ELEMENT NUMBER N TIME OFF TIME
tow torr

1 0 100.0000
2 0 420.0048
3 0 1179.1288
4 0 2573.2972
5 0 4794.4197
6 0 7844 .8256
7 0 11511.8494
8 0 15350.5167
9 0 18757.2815
10 0 21113.7267
11 100. 0000 22056.. 4860
12 420.0948 21533.8215
13 32992045 22056 .4860
14 6705.9693 220564860
15 10544 . 6368 220564860
16 14211.6604 22056, 4860
17 17262. 220564860
18 194831388 220564860
19 20886. 3572 22056.. 4860
20 21636. 3912 22056, 4860
21 21958. 4860 22058, 4880
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A final example:
Table 2.

N = 35, PK = 80. Results are presented in

Table 2. QN and OFF times for a thirty-five-element array modulated

to produce 80 dB sidelobes.

ELEMENT NUMBER ON TIME OFF TIME
o torF

1 0 100. 0000
2 0 272.8930
3 0 612.3810
4 0 1184.8680
5 0 2068. 2561
6 0 3337.0125
7 0 5050.7823
8 0 72421780
9 0 99055033
10 0 12988 4345
11 0 16388.4301
12 0 199551987
13 0 234996751
14 0 26809, 0360
15 0 296662439
16 0 31871.8106
17 0 332649762
18 100.0000 338414143
19 272.8930 33537.8692
20 19696036 33841.4143
2 4175.1704 33841.4143
2 7032.3774 33841.4143
23 103417392 338414143
24 13886, 2156 338414143
25 17452.9842 33841.4143
26 20852.9798 33841.4143
27 23935.9109 33841.4143
28 26599 . 2363 33841.4143
29 287906320 33841.4143
20 30504 .4017 33841.4143
31 31773.1582 33841.4143
32 32656. 5463 33841.4143
33 332290332 33841 .4143
34 335685213 33841.4143
35 33741.4143 33841.4143
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IX. OONCLUSIONS AND RECOMMENDATIONS
A method of sidelobe modulation involving an ON/OFF timing scheme
has been presented. The method relies on precision in setting ON and OFF

times. To the question: How much precision?, the only answer is: As
much as possible. The point is that timing precision is greater than the
precision available to set array element excitation weights. Actual
numbers for comparison purposes are difficult to come up with here.
Nevertheless, the implementation of some of these timing schedules should
answer some questions and is an anxiously awaited future endeavor.

It is anticipated that the far-field patterns designed to have, say,
80 dB sidelobes will have perhaps 70 or 60 dB sidelobe levels. It is
inevitable that no system is 100% efficient. Some problems here are that
the ON/OFF times will never all be able to be exactly set. This is the
precision problem. The elements will never all be able to carry exactly
the same excitation: There may be fixed biases on the amplitude and/or
phase of some particular elements. The spacings between array elements
can never be made exactly equal. In addition, most systems have noise
problems. To be sure, from a variety of sources, there will be system
degradation. Nevertheless, the future of ON/OFF modulation looks bright,
especially in view of the ever increasing efficiency of integrated circuit
technology .

One further aspect of this research that might bear additional con-
sideration is the method of staggering the ON/OFF times. The problem of
exactly where to place the tg value for the ((z2)th to the Nth element

has been solved in a rather empirical fashion from examination of a large
nunber of cases. There might be a more optimal approach to this problem.
Perhaps tom,. (N) could be chosen in such a way that the modulation period,




T, is minimized; or, tym. (N) could be chosen such that the percentage of
time during which there are exactly E—;‘l elements ON is maximized.

With regard to the possible imprecision in time settings, an interesting
recommended future study would be to consider a sensitivity analysis. An
analysis of sensitivities of c i parameters has been presented in (7].

Perhaps this could be extended to the case of the tON and tOFF parameters.

Some final recammendations are to study the extention of this ON/OFF ]
approach to sidelobe modulation to the case of planer arrays, to consider #
the advantages of non-equally spaced array elements in linear arrays, and

to explore not just modulation of the amplitudes of the array elements

but modulation of both amplitudes and phases.

e

. y . DRIV §

L ~ . . PR L A agraniiis
.o . 5 L, Wy 2




| 2 . e A s 8 S s a2 e 2 s R

APPENDIX
] PROGRAM SOLRCINPUT,0UTPUT,TAPEOSQUTPUT)

MAS A FARSFIELD RADIATION PATTERN WITH EQUAL AND ULTRAeOW
SIDEL ORES, THE NUMBER = N = OF EQUALLY SPACED IDENTICAL

?tHE NESIRED SIDELORE LEVEL, PK'

E'!T!_QMAE Ae}l
REAL PAR(UY,wA(S453),X(103),C¢50),AA(101),FST(101),8ND(101)
REAL TON(lot),TOPP(Cl01)

YHE NEXT STATEMENTS ARE THE INRUTS? N AND PK

Ns3g
Pxsan’,

PAR¢1YaP] .
PAR(21210,0%4(PK/20,0)

PAR¢aYaN
EPSsn’, 01 ;
1TMAYs100 *
NSInas
DN 1S I31,N
xflggn?ﬁ

1S CONTINUE
NNNgNe2

THE QUAROUTINE CALLED NEXT @ 2gYSTM @ wllLL SOLVE THE NONLINEAR
ALGERRAIC EnNUATIONS REGUIRED T PRODUCE THE PRUPER ARRAY

o f\ﬂ+1

CAL{ 23'37"(‘"!08’3."8!G‘~NN'"!TM‘X.“‘.PAROIER)

1 .M)
4-o-04-}

20 FORMAY(1OF (0, 0)
Ma(Nel)/2
08 3% 18tem
CtIvax(?)

28 CONTINUE

—pPO-go—Jn

4 &
T rN-

FSTeJ)en,0
SND?JYB0,0

—30-CoNpTNHE —




FSY?l,aloo
FSTe218C (1)

0
TYY

DO $5 Jme,m

00 a0 tmi,N
T 213

40 CONTINUE )
NNaNe t

00 “_s__!_._L. NN

SND(I‘!!'SND(IOI)OC(J)QPGT(Y)

4S CONYINUE
— - —DO 5o Tmi, AN

SNOt142)BSND(T142)+PST(T)

S0 CONYINUE
DO x% =y,

FSTET)aSND(I)
S5 CONYINUE
— 3% CONRINUE

D0 o0 Isi,n
AA(TYuFST(?)
BVVAIYIN.I, BWVYVVAXY

60 CONYINHE
c
e

WRIYE(6,79)

AT Yulg O0INT, YHg RELAYIVE WEIGHIS ARF PRINTED Quft

' FOR YHE N ARRAY ELEMENTS)

WRITECS,80y (aA(T),1m!
3

N

7

PN a1 Isi,m
?0N(!\l0.0
— 8L CONSINUE

TOFI(!)IAA(t)
TOFFMuTOFF ¢ 1)
DO A2 132eM

TOFF(Y)mAAeTD)

IF(y0FF(1),GT,TOFFM) TOFFMatTQFF(I)

— 83 CONPINUYE.

MM INS1) /2
TONeMMYETORF (1)

R LLEY|
M2emi 0t

70rp(ng):70N(M1)¢AAtMl)
1FCv0RP MMy GT, TAFIM)

DO a3 PaM2 N
TOFP(1)BTORFM

TOFFMgPOBR (MM)




*2

I11
DO an 1sM2,N o
70fo}cTOFr(I)-AAtI)
(o
¢ AT TWIS POINT, TNE RELATIVE AN ANp OFF TIMES ARE PRINTED OUT
N o
WRIPE(6,89)
RO FORMAT(/,64H THE RELATIVE TURNeON FIMES RESPECTIVELY FOR THE N ARR
+HAy—£LEMENT 44}
wRITE (6,90 CTON(I), 181 ,N)
90 FORMAY(10F ¢S 4)
91 FORMA?(/,byﬂ THE RELATIVE TURNeOFF TIMES RESPECTIVELY FOR THE N AR
1RAY ELEMENTS))
NS
S FT
92 FORMAY(10F¢3 _a)
sStnp
—§ND
REAL FUNCTTON AUx(X,KsPAR) B
REAI PaAR(C4y,wa(SaSS),X(101)
L1
At3paAR(l)
PlapAR(Y)
La(p.})/!
IIKQ’
;u:-xrt)-z L 00€2,00XCY))*A1/E08( (221 )4/ (20(Nut)))nn?
E nnN
] 1 S0 ¥0 30
AUXGY (1)%2,00(2,06XCL))AL/COBCCI"M)aPls(Nal))owed
RE?HRN
n
0n 00 Jl‘oﬁ
P2802¢(2,0eX(J))an2
40 CONYINUE
PM2g1%0

0n g0 Jei,m

50 CONTINUE
‘“X.P?.PMZQPAR(E)QQE
—RETHAN

END
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